Introduction {#S0001}
============

Systemic lupus erythematosus is an autoimmune disease affecting around 0.2 to 2 per 1000 individuals \[[@CIT0001]\], with a female to male ratio of 9 to 1 \[[@CIT0002]\]. The disease is chronic, with alternating periods of flare and remission. It can affect multiple organs, including the joints, kidneys, skin, cardiovascular system and nervous system. The pathogenesis of the disease is believed to be multifactorial. In addition to the complex interaction between genetic and environmental factors, the pathogenesis also involves autoantibody formation and immune complex deposition, as well as tissue infiltration by lymphocytes \[[@CIT0003]\].

Due to the high level of autoantibodies, SLE has traditionally been considered to be B-cell dependent; however, in recent years, it has become clear that T cells have a major role in the pathogenesis of this disease \[[@CIT0004]\].

It has been demonstrated that in SLE patients, T cells exhibit certain biochemical and functional abnormalities that affect their activation process, cytokine production and expression of co-stimulatory molecules \[[@CIT0005]\]. A subset of T-helper cells that produces interleukin 17 (IL-17), Th17 has been implicated in the pathogenesis of systemic autoimmune diseases including SLE and psoriasis, as well as rheumatoid arthritis \[[@CIT0006]\].

Th17 cells differentiate from naive T cells following T-cell receptor (TCR) activation and co-stimulation in the presence of transforming growth factor β (TGF-β) and IL-6 \[[@CIT0007]\]. In addition, IL-23 has a major role in their proliferation and terminal differentiation \[[@CIT0008]\]. Besides Th17 cells, IL-17 is also produced by γδ-T cells, NK cells, neutrophils \[[@CIT0009]\] and CD4--CD8-- double-negative (DN) T cells \[[@CIT0010]\].

Interleukin 17 is a pro-inflammatory cytokine that contributes to the defence against certain pathogens, mainly extracellular bacteria and fungi \[[@CIT0009]\]. In addition, IL-17 induces tissue inflammation via stimulation of pro-inflammatory cytokines, e.g. IL-6, tumour necrosis factor α (TNF-α), and IL-1β \[[@CIT0011]\], and in turn synergizes with them to induce multiple inflammatory factors. Moreover, IL-17 has been shown to synergize with B-cell-activating factor (BAFF) to mediate B-cell survival, thereby promoting the number of autoantibody-producing cells \[[@CIT0012]\].

In addition to its potent pro-inflammatory activity, IL-17 recruits neutrophils and monocytes by increasing the production of chemokines, including IL-8 and monocyte chemo-attractant protein-1 \[[@CIT0013]\]. Interleukin 17 also facilitates T-cell infiltration and activation through stimulating the expression of intracellular adhesion molecule-1 \[[@CIT0014]\] as well as the production of IL-6 and granulocyte-monocyte-colony stimulating factor \[[@CIT0015]\].

Further supporting the presence of a Th17-biased environment in patients with SLE, increased plasma levels of IL-6, a crucial differentiating factor for Th17 cells, as well as IL-21, a Th17 cytokine, have been observed in SLE patients \[[@CIT0016]\].

Of note, some studies were carried out to comprehend the genetic basis of SLE. A study conducted in Italy \[[@CIT0017]\] revealed a significant association between *TRAF3IP2* gene polymorphism and susceptibility to SLE. The *TRAF3IP2* gene codes for Act1, which is a positive signal adaptor for IL-17-mediated immune responses, and in the meantime it negatively regulates acquired immunity. Another study by Ciccacci et al. \[[@CIT0018]\] verified that polymorphisms in 3 genes (*STAT4*, *IL-10*, and *HCP5*) were risk factors for the development of SLE. However, such polymorphisms contribute by only a small fraction to the overall genetic susceptibility, which still remains enigmatic.

Meanwhile, another potential trigger of SLE is the impaired clearance of apoptotic cells. In fact, apoptosis is a critical process in immune tolerance and in maintenance of normal immune responses to foreign antigens \[[@CIT0019]\].

The efficient recognition and clearance of apoptotic cells involve many receptors, ligands and bridging molecules between dying cells and phagocytes \[[@CIT0020]\]. Early apoptotic cells express eat-me signals through asymmetric distribution of amino-phospholipids such as phosphatidylserine (PS), phosphatidylethanolamine and phosphatidylcholine. Phosphatidylserine is the best-characterized eat-me signal, and externalization of PS alone is sufficient to initiate the engulfment of apoptotic cells by macrophages \[[@CIT0021]\]. In addition, apoptotic cells actively secrete chemoattractant factors known as find-me signals to attract phagocytes.

In the germinal centres, clonal selection of high-affinity B cells results in large numbers of apoptotic cells, including auto-reactive cells. Clearance of these cells is critical to the maintenance of peripheral tolerance. Otherwise, persistence of apoptotic cells may progress to secondary necrotic cell death. This, in turn, is associated with accessible modified auto-antigens and initiation of the autoimmune response \[[@CIT0021]\].

MFG-E8 is a glycoprotein that plays an important role in the clearing of apoptotic cells. It is secreted by activated macrophages or immature dendritic cells and acts as a bridging molecule between apoptotic cells and phagocytes, which promotes engulfment of apoptotic cells \[[@CIT0022]\]. It is reported that there is an optimal concentration of MFG-E8 to promote phagocytosis. The activity of phagocytosis increases dose dependently at a low concentration, but above the optimal concentration the effect changes toward inhibition. This can be explained by the hypothesis that excess MFG-E8 saturates the binding sites on apoptotic cells and phagocytes, and thus cannot work as a bridging molecule \[[@CIT0023]\]. In this way, an excess as well as a deficiency of MFG-E8 causes impairment of apoptotic cell clearance and may induce autoimmune disease \[[@CIT0022]\].

In this study, we provide evidence that the serum levels of IL-17 as well as of MFG-E8 are higher in SLE patients than in healthy control participants.

Material and methods {#S0002}
====================

Participants and clinical assessments {#S20003}
-------------------------------------

Fifty-seven SLE patients and 30 normal control subjects were included in this study. The 57 SLE patients were attending the outpatient clinic or admitted to the inpatient unit of the Rheumatology and Rehabilitation Department, Cairo University Hospitals, during a 6-month-period, from November 2013 to April 2014. The enrolled patients fulfilled the American College of Rheumatology (ACR) revised criteria \[[@CIT0024]\].

Demographic characteristics, clinical features and laboratory findings (CBC, ESR, ANA, anti-dsDNA, ACL, C3, C4, ALT, renal function tests, urine analysis and 24-hour urinary protein) of the patients were recorded. Renal biopsy was done for patients with nephritis. Disease-related damage was recorded using the Systemic Lupus International Collaborating Clinics (SLICC) SLE Damage Index (SDI). Disease activity was recorded using the SLE Disease Activity Index (SLEDAI).

Thirty healthy participants, matched for age and gender, served as a control group. All participants were informed about the study aims and protocol, and informed consent was obtained prior to the study. The study obtained the consent of the bioethics committee.

Samples {#S20004}
-------

Serum samples were collected from patients at routine medical visits. Sera were stored at --20°C until use. Sera of the control group were collected from 30 healthy volunteers.

Measurement of serum MFG-E8 {#S20005}
---------------------------

Serum MFG-E8 levels were measured by ELISA as per the manufacturer\'s instructions. First, the serum samples were diluted 1: 6 in Calibrator Diluent RD5-20. Following the addition of Assay Diluent RD1-57 to the wells, 50 ml/well of sample, standard or control was added and incubated for 2 hours at room temperature on a microplate shaker. The wells were then washed 4 times. Thereafter, 200 µl of MFG-E8 conjugate was added to each well and incubated for 2 hours at room temperature on a microplate shaker. The wells were washed 4 times again, and incubated with 50 ml/well of Substrate Solution for 30 minutes at room temperature. Thereafter, the stop solution was added and the absorbance values were determined at 450 nm. The results were expressed as picograms per millilitre (pg/ml).

Measurement of serum interleukin 17 {#S20006}
-----------------------------------

Serum IL-17 levels were measured by quantitative sandwich ELISA using the Human IL-17 ELISA Kit (R & D Systems, Minneapolis, MN, USA). The wells had been pre-coated with anti-IL-17 monoclonal antibody (mAb). First, the Assay Diluent RD1-36 was added (100 µl/well). Then, 100 µl/well of serum samples, control or standard was added followed by incubation for 4 hours at room temperature. After washing, 200 µl of IL-17 conjugate was added to each well and incubated for 1 hour at room temperature. After washing and aspiration, the substrate solution was added to the wells and incubated for 30 minutes at room temperature. After that, the stop solution was added and the absorbance values were determined at 450 nm. The results were expressed as pg/ml.

Statistical analysis {#S20007}
--------------------

Data were analyzed using IBM SPSS advanced statistics version 20 (SPSS Inc., Chicago, IL). Numerical data were expressed as mean and standard deviation or median and range as appropriate. Qualitative data were expressed as frequency and percentage. Chi-square test or Fisher\'s exact test was used to examine the relation between qualitative variables. For quantitative data, comparison between two groups was done using either Student\'s *t*-test or the Mann-Whitney test (non-parametric *t*-test) for non-normally distributed numerical data. Spearman\'s rho method was used to test the correlation between numerical variables. The receiver operating characteristic (ROC) curve ([Fig. 1](#F0001){ref-type="fig"}) was used for prediction of cut-off values for the markers. All tests were two-tailed. A *p*-value \< 0.05 was considered significant.

![Receiver operating characteristic (ROC) curve showing sensitivity and specificity of IL-17 and MFG-E8.](RU-53-57636-g001){#F0001}

Results {#S0008}
=======

Fifty-seven SLE patients and 30 normal control participants were included in this study. Out of the 57 SLE patients, 94.7% were females, while out of the 30 control subjects, 93.3% were females. The median disease duration in our patients was 7 years (mean ± SD = 7.4 ±5.3). Demographic data of SLE patients and healthy control participants are shown in [Table I](#T0001){ref-type="table"}.

###### 

Demographic data of SLE patients and healthy participants

  Parameter              Patients (*n* = 57)   Control (*n* = 30)   *P*-value   
  ---------------------- --------------------- -------------------- ----------- -----
  Age (years)            range                 15-55                28-50       0.8
  median                 29                    28                               
  mean ± SD              29.9 ±8.2             29.5 ±7.4                        
  Gender (female/male)   54/3                  28/2                 1           

The median SLEDAI of our SLE patients was 12 with a range of 1 to 35. Twenty-eight of our patients had mild disease activity, 19 had moderate activity and 10 were severely active ([Table II](#T0002){ref-type="table"}).

###### 

Clinical and laboratory findings in the 57 SLE patients

  Finding                      Number (%) of patients   
  ---------------------------- ------------------------ ------------
  Disease severity             mild                     28 (49.1%)
  moderate                     19 (33.3%)               
  severe                       10 (17.5%)               
  Clinical findings            mucocutaneous lesions    48 (84.2%)
  nephritis                    37 (64.9%)               
  vasculitis                   11 (19.3%)               
  serositis                    8 (14%)                  
  CNS manifestations           6 (10.5%)                
  fever                        3 (5.3%)                 
  arthritis                    1 (1.8%)                 
  Laboratory findings          positive ANA             52 (91.2%)
  positive anti-DNA antibody   41 (71.9%)               
  anaemia                      24 (42.1%)               
  leukopenia                   5 (8%)                   
  thrombocytopenia             6 (10.5%)                
  proteinuria                  32 (56.1%)               
  pyuria                       23 (40.4%)               
  haematuria                   11 (19.3%)               
  Hypocomplementaemia (C3)     19 (33.3%)               
  Hypocomplementaemia (C4)     6 (10.5%)                

CNS -- central nervous system; ANA -- anti-nuclear antibody

Among the 57 patients included in this study, the most frequent clinical variables at the time of sample collection were mucocutaneous manifestations (48 patients = 84.2%) and nephritis (64.9%) followed by vasculitis (19.3%), as shown in [Table II](#T0002){ref-type="table"}.

Serum interleukin 17 and MFG-E8 levels {#S20009}
--------------------------------------

There were no differences in serum IL-17 or MFG-E8 levels among SLE patients according to gender. On the other hand, serum IL-17 levels were significantly higher in SLE patients than in the normal control group (*p*-value \< 0.001). Likewise, there was a significant difference in MFG-E8 levels between SLE patients and the normal control group ([Table III](#T0003){ref-type="table"}).

###### 

Comparison of IL-17 and MFG-E8 levels between SLE patients and the control group

  Parameter in pg/ml   Mean       Standard deviation   Median   Minimum   Maximum   *P*-value   
  -------------------- ---------- -------------------- -------- --------- --------- ----------- ---------
  IL-17                patients   27.8                 11.6     26        7         66.5        \<0.001
  control              17.1       4.7                  15.5     10.8      27                    
  MFG-E8               patients   962.4                912.8    585       12.5      2940        0.019
  control              449.5      403.4                342.6    54        1890                  

We also endeavoured to detect the association of IL-17 and MFG-E8 levels with disease activity. However, no correlation was detected between serum IL-17 or MFG-E8 levels and SLE disease activity assessed by SLEDAI ([Figs. 2](#F0002){ref-type="fig"} and [3](#F0003){ref-type="fig"}).

![Correlation between IL-17 levels and SLEDAI.\
p -- p-value; r -- correlation coefficient](RU-53-57636-g002){#F0002}

![Correlation between MFG-E8 levels and SLEDAI.\
p -- p-value; r -- correlation coefficient](RU-53-57636-g003){#F0003}

No correlation was detected between serum IL-17 or MFG-E8 levels and SLICC. Also, there was no association between serum IL-17 or MFG-E8 levels and anti-dsDNA antibodies, ESR, C3 or C4. Nonetheless, a significant association was found between elevated MFG-E8 and proteinuria \> 3.5 gm/24 h (*p*-value = 0.026).

Discussion {#S0010}
==========

The role of IL-17 in the pathogenesis of SLE is well accepted, and can render it a potential therapeutic target \[[@CIT0019]\]. Also, IL-17-producing T cells have been detected in the main target organs of SLE including kidneys, lungs, and skin, suggesting that IL-17 may be involved in the inflammatory response and subsequent tissue damage \[[@CIT0025]\]. In line with expectations, this study revealed that IL-17 levels were significantly higher in SLE patients than in healthy control subjects. However, our study did not reveal an association between IL-17 levels and SLEDAI score, suggesting that IL-17 level may not accurately reflect the actual disease activity. Previous studies reported inconsistent results regarding this association. On one hand, Doreau et al. \[[@CIT0012]\] reported a positive correlation between IL-17 level and SLEDAI; on the other hand, various studies \[[@CIT0026]\] did not show any correlation between IL-17 and SLEDAI.

It is difficult to specify the reason behind the discrepancy in results among different studies. However, it may be attributed to variations of ELISA sensitivity, as well as the presence of confounding factors (e.g. immunosuppressive drugs) that influence serum IL-17 level. Moreover, serum IL-17 level may not be an accurate indicator of IL-17 production, as IL-17 may be localized to the inflamed tissues. Clinical trials targeting IL-17 are under way in several autoimmune diseases; e.g. secukinumab (AIN457), a human anti-IL-17 IgG1κ monoclonal antibody, has been studied in rheumatoid arthritis, psoriasis and Crohn\'s disease. At present, no clinical trials of anti-IL-17 therapy are under way in SLE, but it appears to be a promising option \[[@CIT0027]\].

Apoptotic cell clearance is a daunting challenge to the immune system. In animal models, it has been established that this process may fall short under certain conditions, resulting in persistent potentially immunogenic necrotic and apoptotic cells. Both in vivo and in vitro studies support the notion that SLE may also result from impaired apoptotic cell clearance \[[@CIT0020]\].

Hence, the pro-inflammatory activity of IL-17 and its impact on B-cells can justify its role in the pathogenesis of SLE \[[@CIT0028]\]. Accordingly, various correlations between serum IL-17 levels and SLE disease activity have been reported in previous studies \[[@CIT0012]\]. Nevertheless, there is a dearth of data concerning the potential relationship between IL-17 and the clinical findings in SLE patients \[[@CIT0027]\].

Our study revealed significantly higher levels of MFG-E8 in SLE patients compared to healthy control subjects; however, we found no correlation between MFG-E8 and disease activity. In a study by Yamaguchi et al. \[[@CIT0023]\], high levels of MFG-E8 were observed in SLE patients, while the levels were undetectable in healthy controls. In addition, Yamamato et al. \[[@CIT0029]\] found high levels of MFG-E8 in SLE patients, and these levels correlated with disease activity.

With excessive amounts of MFG-E8, the apoptotic cells may not be efficiently removed. The subsequent leakage of autoantigens may trigger a strong autoimmune response including the production of autoantibodies, deposition of immune complexes and complement consumption \[[@CIT0029]\].

Conclusion {#S0011}
==========

In conclusion, in the present study neither IL-17 nor MFG-E8 was found to be associated with SLE activity. But our study revealed significantly higher levels of MFG-E8 in SLE patients compared to healthy control subjects. However, it is also possible that the high MFG-E8 level is a secondary effect of inflammation or immune system activation in SLE \[[@CIT0023]\]. Moreover, the hormonal imbalance in SLE patients could be another possible cause, because it was reported that prolactin can up-regulate MFG-E8 expression in macrophages and enhance the engulfment of apoptotic cells \[[@CIT0030]\]. Hence, the mechanisms behind MFG-E8 elevation could be multifactorial, and further studies are needed. A better understanding of the immune biology of apoptotic cell clearance may lead to new therapeutic pipelines.
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